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SUMMARY

An experimentalinvestigationwasundertakento explorethepracti-
. -bilityof a low-speedmissiledesignedto flywithitslongitudinal

axispointingalongtheflightpath. A cruciformarrangementof thewing
andtailsurfaceswas studied,theincidenceof the surfacesbeingselected

? to trimthemissileat tl&-”desirednormal-forcecoefficientwiththebody
at an angleof attackof OO.“Maneuveringin theverticalor horizontal
planeswasto be accomplishedby deflectionof thewingflaps,a design
requirementof theflapsbeingthattheyproduceno pitchingor yawing
moment. Twotailsof differentsizewereinvestigated,bothin lineand
interdigitated45°withrespectto thewings. Theresultsincludemeas-
urementsof thenormalforces,thepitchingmoments,andthelongitudinal
forcesat a Machnumberof 0.32.

A simplifiedanalysisis givenin whichtherequirementsof a low--
speedmissiledesignedto flywithitslongitudinalaxispointingalong
theflightpatharedefined.Themethodusedin arrivingat the required . .
wingincidence,tailincidence,and center-of-gravi”typositionformis-
sileswhichhavenonlinearnormal-forcecurvesis described.Finally,it
is shownthatit is practicalto desi~ sucha missile.

INTROIXCTION

A designrequirementformissileshavingfixedtargetseekersis
thattheseekerslwayspointalongthelineof flight.

—
If thetarget-

seekeraxisis alinedwiththelongitudinalaxisof themissile,thenit
● followsthatthebodymustflyessentiallyat an angleof attackof 0°

md an angleof yaw of 0° in bothsteadyandmaneuveringflight. h ref-
. erence1 it was showntheoreticallythata missileemployinga tailcsn

m accomplishthisby use of variable-incidencewingsor by wingcontrols

x“
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providedthat(1)thecenterof gravityis sopositionedthatthewing
pitchingmomentis exactlyeqp.alinmawitudebut oppositein signto the
tailpitchingmomentand (2)thewingandtailincidenceare setat cer-
tainprescribedvalues.Hereinafter,a missileforwhichthereis no
changein pitchingmomentor yawingmomentresultingfroma deflectionof
the wingcontrolsandwhichalwaysflieswithitslongitudinalaxispoint-
ingslongtheflightpathis referredto as a “self-balancirx$’ missile.

Theexperimentalresultspresentedhereinwereobtainedin oneof
theAmes7- by 10-footwindtunnels.Themainemphasesdf thisinvesti-
gationweredirectedtoward(1)determiningthefeasibilityof a sel.f-
balancingmissiledesignedto haveplainwingflaps,and(2)measuringthe ‘“
forcesandmomentsfor sucha missileat lowsubsonicMachnumbers.

NOTATION

~N

CNdes

cm

Cx

G

i

M

N

n

~

St

Nnormal-forcecoefficient,—
q% .

designnormal-forcecoefficientforlevelflight.
‘““t-

Mpitching-momentcoefficient,~q~c ,....

xlongitudinal-forcecoefficient,—
qsw

meanaerodynamicchord

incidencemeasuredbetween
bodys..xis(positivewith

thewing-or tail-chordplanesandthe
theirleadingedgesabovethebodyaxis)

pitchingmomentabouta lateralaxispassingthrougha pointon
thebodyaxisat a longitudinaldistancefromthewingleading
edgeindicatedby thesubscripton ~ (positivesubscriptindi-
catesdistancebehindthewingleadingedge)

force normalto the

normalacceleration

free-streamdynamic

areaof onesetof 1

lateral plane

CN
factor,—

cNdes

passing throughthebodyaxis

-1 .

pressure

bailsincludingtheareablanketedby thebody

E“
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T20-
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T245

x
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.

aread onesetof wingsincludingthe

3

areaKLanketedby thebody

small._bailLin line withwing-chordplanes,iw . OO.

largetail~in linewithwing-chordplanes,iw . 0°

smalltaillinterdigitated45° withrespectto thewing-chord
planes,iw = 0°

largetaillinterdigitated45°withrespectto thewing-chord
planes,iw = Oa

forceparallelto thebodyaxis (positivein therearward direction)

angleof attackof thebody

deflectionof horizontal-~ flap (positivewiththewingtrailing
edgedeflectedbelowthewing-chordplane)

Subscripts

tail

wing

MODELANDAPPARATUS

Themodelwasmountedon a stingsupport
7- by 10-footwindtunnelsas shownin figure
gagebalanceattachedto theendof thesting

in oneof theAmes
1. A four-component
and containedwithin

strain-
the

modelwasusedto measuretheaerodynamicforcesandmoments.Because
of thepositionof thewing-incidenceandflap-drivemechanismswithin
themodel,itwasnecessaryto placethepitching-momentstraingagea

-.

considerabledistance(1.6meanaerodynamicchordsor 16.93inches)behind
thewingleadingedge. Thisnecessitatedlargermomenttransfersthan-are
usuallyrequiredandresultedin greaterthannormalscatterin the
pitching-momentdata.

Themodelhadcruciformwingsad tailsmountedon a bodyof revolu-
tionas shownin figure2. ThewingsandtailshadtheNACA0012profile.
Thewingshadan aspectratioof 3.2,a taperratioof 1.0,andno sweep-

W back. Twotailshavingdifferentspansbut thessmechordwereinvesti-
gatedon themodel. Eachof thesetailswas testedin linewiththe

w lDimensionaldataforthetailsaregivenin figure3.

*?m-
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●

wing-chordplanes,and interdigitated45°withrespectto thewing-chord
planes.For chsmgesin thewingandtailincidencethesesurfaceswere
pivotedabouttheirquarter-chordlines. End–-plateswhichwereattached w
to thewingtipsof boththehorizontal,andverticalwingshadtheplan
formshownti figure3. Thewingflapshadtheirhingelineslocatedat
70.2-percentwingchord. Completedimensionaldatafor.themodelare

—

givenin figure3. —

TESTPROCEDURE

Duringthefirstpartof theinvestigation,measurementsweremade
withtheangleof attackof thebodyheldat 0° andthewingflapssetat
either+15°or -l~”for variouscombinationsof wing-andtailincidence.
Analysisof thesedatapermittedtheselectionof a wingincidence,a
tailincidence,auda center-of-gravitypositimforwhichthetrimed
normal-forcecoefficiatat an singleof attackof 0°wouldbe 0.2andfor
whichdeflectionof thewingflapsto fly wouldproduceno pitching
moment. For thesecondpartof theinvestigationmeasurementsweremade
withthew5ngandtailsurfacessetat theseincidencethroughoutan
angle-of-attackrangefrom-6°to 6°forfhp deflectionsof 0°,+15°
and -lj”. Theinvestigationwas conductedat a Machnumberof 0.31which
correspondsto a Reynoldsnumberof 1.9millicm,basedon themeanaero-
dynamicchordof thewing.

. —

t

——

CORRECTIONS

Datapresentedhereinwerecorrectedforwind-tunnel-walleffects
by themethodof reference2. Theangleof attackwasalsocorrectedfor
deflectionof thestingandthestrain-gagebalance,andthelongitudinal-
forcecoefficientswerecorrectedto theconditionof ambientstatic
pressureon thebaseof themodel.

RESULTS

Descriptionof a

ANDDISCUSSION

self-BalezlcingMissile —

Thisexperimentalinvestigationwasundertakenprimarilyto substan-
tiatethehypothesisthatitmightbe possibleto designa practical
self-balancingmissilewhichwouldgenerateitsverticalandlateral

—.

accelerationsfromthedeflectionof thehorizontal-andvertical-wing m
flapsandwhichwouldflyessentiallyat an @e of 0° relativeto the
flightdirection.Requirementsfor sucha missilewillbe describedin
thefollowingdiscussion,.To simplifythediscussionitwillbe assumed <

IM

— .—
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that(1)allaerodynamicderivativesare constantfor smallangular
deflections,(2)thereisno lossin thefree-streamdynamicpressure
at thetail,(3)thebodynoi’malforce”isincludedin thewingandtail. ‘-
normalforces,and (4)thewingandtailsurfaceshaveno geometric
twistor camber.Withtheseassumptions,considertheverticalforces

—

actingon a seh?-balancingmissiledesignedto flywithflapsneutral
at a particularno-l-force coefficientas shownin sketch(a)below:

—

‘“’”1 v“

where

C“g”

(a.c.)w

(a.c.)t

%w
cNt

Sketch(a)

centerof gravitypositionfor se~-balancing

aerodynamiccenterof wing

aerod.ynsmiccenterof tail

-CI?t~

missile

wingnormal-forcecoefficientdueto wing.incidence

tailnormal-forcecoefficientdueto tailincidence

free-streamvelocity

Thedesignnormal-forcecoefficientis

where e is theeffectivedownwashactingon thetail. Also,sincethe
sumof thepitching-momentcoefficientsmustbe zero,

() &NtZ+ZW‘t -FCNW~ (zw_ .
c~t -g-- —

% bit -k’”)(%%+?iw+’olt aiw
(2)
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.
Foracceleratedflight=an additionalconditionmustbe satisfied;

namely,thatthecenterof gravitybe so positionedthatthewingpitch-
ingmomentdueto flapdeflectionbe exactlyequalto andopposite‘in .4

signto thetailpitchingmomentproducedby”theflapdeflection.These
forcesareshownin sketch(b)below:

c.g.— f?c~

4b

. J. d a.c.)t

= .+
- TT ‘~ - .$7=-V

i~ ?- ‘t- K --+ *A2lW t-<
i

(a.c. )w +wit—

Sketch(b)
.

where —-.....

~CNw incrementalnormal-forcecoefficienton wingdueto fJ-apdeflection - ~

~Nt incrementalnormal-forcecoefficienton taildueto flapdeflection

Againthesumof pitching-momentcoefficientsmustbe zero:

Fora self-balancingmissiledesignedt~fly at a given CNdeS,the
abovethreeequationscanbe solvedsimultaneouslyforthe”tiown quan-
tities it,iw,and 2W,sinceallotherquantitiescanbe eithermeasured

2Calculationsof thechangein theangleof attackdueto cuzwature
of theflightpathof themissilein steadyturningacceleratedflightin
which n = 2.0 (wheren = (cN/CNdes)- 1) indicatedthatthischangewould
be lessthan0.250-forthemissiletivestiga{edhereti.Thisanglecha~e
wasnot includedh-the aboveanalysissince.~tis consideredsmallenough
to ignore.- ‘- . —

-, .
.-
.—

*
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.
or predicted.
oversimplifyied

7

Actually,fora practicalmissile,theaboveanalysisis
becausethenormal-forcecurvesarenonlinearwhenthe

. flapis deflected.

ExperimentalResults

Thenormal-forceandpitching-momentresultsusedforestablishing
therequiredcenter-of-gravityposition,andfor selectingthedesired
wingincidenceandtailincidenceforthemissilewitheachof thefour
tailarrangementsarepresentedin figure4. Thelongitudinal-force

.—-

resultsarealsopresentedfor completeness.For themodelwiththeflap
deflected-17, somenonlinearitycanbe notedin thevariationof normal
forcewithwingincidencewhichisbelievedto be associatedwithflow
separationovertheflappedwing.

A gra@icalsolutionwasemployed,usingthedatain figure4, to
arriveat thecenter-of-gravityposition,wingincidenceandtailtici- ..
dencerequiredfora self-balancingmissile.Thissolutionwasused

. insteadof a simultaneoussolutionof eqmtions(1)to (3)becauseof
theabove-mentionednonlinearities.A typicalgraphicalsolutionfor
themissilewiththe.smdltailin linewiththewingis presentedin

? figure5. Thefirst“stepwas to constructthethree-dimensionalplot
shownon theleft-handsideof figure5. In thisplot,averagevalues
of thenormal-forcecoefficientforflapdeflectionsof +15°and-l~”
wereused..Theseaveragevaluesmay differfromthenormal-forcecoef-
ficientsobtainedwiththeflapsneutralbecauseof thenonlinearvaria-
tionof normalforcewithflapdeflection.Fromthisthree-dimensiond
plot,theinterceptof thesurfacewiththedesignnormal-forcecoeffi-
cientwasdeterminedandreplottedon theupperright-handsideof fig-
ure 5. ~ thiscasea designnormal-forcecoefficientof 0.2-S ass~ed. __
Thisplotgivesa r-e of possiblecombinationsof wingandtailinci’-
dencesrequiredfora @ales= 0.2. Thenextstepwas to constructfour - “-.._
morethree-dimensionalplotsin whichtheordinatewasthevaluesof
pitching-momentor normal-forcecoefficientcorrespondingto flapdeflec- .
tionsof +15°and -15°. Fromtheseplots,thenormal-forceandpitchhg-
momentcoefficientscorrespondingto severalof thepermittedcombinations
of wingandtailticidencesgivenat therighttopof figure5 were
selectedforfurtheranalysis.Ratiosof thesepitching-rnornentcoeffi- . .
cientsto normal-forcecoefficientsas a functionof iw areplottedat
thelowerright-baudsideof figure5. Thepointof intersectionof the
twocurvesgivesa comnonvalueof wingincidenceanda commonvalueof
thestabilityparameter~/~ forthemissilewiththehorizontal-wing
flapdeflected+15°and -15°. Withtherequiredwingincidencedetermined _
thecorrespondingvalueof thetailincidencecanbe readfromtheupper

● right-handplot,andfromthecommonvalueof ~~ thepositionof the
centerof gravityto givezeropitchimgmomentcanbe determined.Thus,
thethreevariables(wingincidence,tailincidence,and center-of-gravity

* position)necessaryto themissiles- balancinghavebeenfound.
;b.%
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Testswerethenconductedthroughouta rangeof anglesof attack
withthewingandtailincidencesadcenter-of-gravitypositionsadj~ted - ~
to thevaluesdeterminedby theaboveprocedure.“Experimentalresults- -
forthemissilewiththevarioustailarrangementsarepresentedin fig-
ure 6. It canbe notedthattheangleof attackfortrimis1° or less
forflapdeflectionsof 0°,+15°,or -15°,therebysatisfyingtherequire-
mentsfora self-balancingmissile.Thisresultsubstantiatesthebelief
thatit is possibleto designa low-speedmissilewhichwillflywithits
longitudinalaxispointingalongtheflightpathevenwhendevelopinga
normalaccelerationfactorof about2n. — —

ti thedesignof a self-balancingmissfi”e,manyfactorsmustbe con-
sideredincluding(1)theamountof longitudinalstability,and (2)the
practicabilityof thecenter-of-gravityposition.Theslopesof the ..
pitching-momentcurves(d~/dCN)andthecenter-of-gravitypositions
requiredto satisfythe conditionof self-balancingforeachtailcon-
figurationare sumnarizedin thetablebelow:”

.

Centerof gravityfrom
&il (d~/dCN)=Oo wingleadingedge

(minusvaluesforward t
of leadingedge)

T1O -0.65 -o.32E
T20 -1.01 -.685
T145‘ -.38 .105
T245 -.77 -.02E

AmesAeronauticalLaboratory
NationalAdvisoryCcmmsi.tteeforAeronautics

MoffettField,Calif.,Nov.30,195.5
—, --- .
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N Ote:
of flap

(I) The wings and tails had the NACA 0012 Profile.
(2) For incidence changes the wing or tail surfaces were

pivoted about their 25- percent chord lines.

(3) All dimensions are in inches.

Figure 3.- Dlmensioti data for the missile.
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